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Turmeric-dietAbstract The present study is designed to determine the protective effect of turmeric (TMR)
against neural oxidative damage caused by deltamethrin (DLM). Here we have employed mainly
Fourier transform-infrared (FT-IR) spectroscopy to understand this event, in addition to biochem-
ical analysis. For this purpose, rats were randomly divided into four groups (n= 6); control, TMR
(1% turmeric-diet), DLM-treated (41 ppm) and TMR co-administrated with DLM for 48 days. The
FT-IR spectra of brain tissues reflect the significant changes in the area values of macromolecules
including proteins, lipids and nucleic acids in DLM-treated rats compared to control. In addition,
DLM caused increase in the malondialdehyde (MDA) level accompanied by decrease in antioxidant
enzymes activity such as superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase
(GPx) and glutathione reductase (GR). However, the TMR co-administered with DLM group,
exhibits appreciable restoration in area values and peaks of IR spectra and also the restoration
of the mentioned antioxidant enzyme activities. The group merely fed with TMR showed insignif-
icant changes in all investigated parameters. Therefore, the results reveal that, 1% of turmeric has a
protective effect against deltamethrin caused neural oxidative damage.
 2016 The Egyptian German Society for Zoology. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
For the sake of more food production and domestic pest con-
trol number of pesticides and insecticides have been used in the
agricultural and non agricultural practices. Deltamethrin(DLM) (Fig. 1) is fast acting neurotoxic pyrethroid obtained
from natural toxin pyrethrin (Aksakal et al., 2010; Guardiola
et al., 2014; Mani et al., 2014). It is chemically designed to
be more toxic to insects nervous system for the slow break
down and formulated with synergists increasing potency and
compromising the body’s ability of detoxification (Thatheyus
and Selvam, 2013; Haverinen and Vornanen, 2014).
Lozowickaa et al. (2014) have reported that, the residues of
DLM were detected on cereals at the range of 0.02–
0.88 mg kg1. Owing to the extensive use of pyrethroids in
agriculture and domestic activities, there are more chances of
Fig. 1 Molecular structure of deltamethrin.
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eases (Baltazar et al., 2014). Such exposures have been
observed more frequently in developing countries (Rother,
2014).
Although, DLM exhibits, relatively low mammalian and
avian toxicity (Haverinen and Vornanen, 2014). Several stud-
ies were demonstrated that DLM is one of the most neurotoxic
pyrethroids to insect and mammals too (Shafer et al., 2005;
Kim et al., 2006; Gullick et al., 2014; Olsvik et al., 2014). It
makes conformal changes in the structure of a- and
b-subunits of the sodium channels (Ding et al., 2004) which
lead to delayed closure of ion channels, resulting in a slow
influx of sodium, hence slow depolarization (Ding et al.,
2004; Chinn and Narahashi, 1985). Consequently, Shafer
et al. (2005) and Eriksson and Fredriksson (1991) have
reported that DLM is potential neurotoxicant, particularly in
developmental stages of infants and children. Poisoning of pyr-
ethroid induces some neurotoxic symptoms which include
hyperexcitation, convulsions, seizures, and paralysis in rats
(Symington et al., 2007). DLM also causes cerebrovascular
and neurodegenerative disorders in humans (Godin, 2007).
Neurodegenerative disease caused by DLM was shown to be
exerted through oxidative stress (Hossain et al., 2005). It
enhances the production of reactive oxygen species (ROS),
including superoxide anion (O2
), hydrogen peroxide (H2O2
 )
and hydroxyl radical (OH) thereby causing DNA damage in
rats (Roszczenko et al., 2013; Abdul-Hamid and Salah, 2013).
Indeed body has its own endogenous antioxidant
mechanism to scavenge the produced ROS in the metabolism.
However, the brain is an important, vital and delicate organ
having more demand for oxygen and contains relatively low
antioxidant enzymes. Studies demonstrated that, DLM
induces oxidative stress in functionally different tissues. It is
evidenced by increased MDA level, accompanied by the
simultaneous decrease in the levels of antioxidant enzymes,
including SOD, CAT, GPx and GR (Mazmanc et al., 2011;
Shivanoor and David, 2014). The SOD converts O2
 into
H2O2
 , further, H2O2
 metabolism by peroxidases that include
CAT and GPx yields H2O (Wilcox, 2002). In addition to this,
GPx plays a major role in the neutralization of H2O2 and OH
to non-toxic products (Salvi et al., 2007). Thus, decreased
activity of these enzymes may lead to an enhanced generation
of ROS in the cells. Hence, measuring these enzyme activities
and by-products of lipid and protein oxidation can provide
evidence for oxidative damage (Ishrat et al., 2009). There are
several investigations demonstrating that, the increased ROS
causes oxidative damage to the macromolecules including pro-
teins, lipids, carbohydrates and nucleic acids (Shivanoor and
David, 2014; Bishnoi et al., 2008), consequently, oxidativestress in neural tissue leads to neurodegenerative diseases
(Carloni et al., 2012).
In many situations exogenous antioxidant/s proved to
reduce the damage caused by the ROS either by scavenging
them or by enhancing the activity of endogenous antioxidant
enzymes. Therefore, extensive research was carried out to find
efficient natural herbal products to protect cells from damages
caused by ROS. On the other hand use of phytochemicals as a
therapy in diseases related to oxidative stress has gained
immense interest for their ability to scavenge free radicals
and their capability to protect body tissues against oxidative
stress (Nabavi et al., 2012).
The herbal powder of Curcuma longa L. is well known as
turmeric (TMR), has been traditionally used all over Asia to
prepare curries and also as a preservative (Gilda et al., 2010;
Prasad and Muralidhara, 2014; Mangolim et al., 2014).
TMR has been used extensively as an effective therapeutic
agent in an Ayurvedic and Chinese medicinal system (Sethi
et al., 2009; Mendonc¸a et al., 2013). Therefore, attention was
paid on whole turmeric (C. longa L.), however curcumin is
an active ingredient of turmeric, a naturally occurring phenolic
phytochemical compound (Haiyee et al., 2009; Fu et al., 2014,
2015). It possesses anti-carcinogenic property in animal model
(Yanyan and Zhang, 2014), anti-HIV (Fu et al., 2014) antiox-
idant (Yang et al., 2014), anti-inflammatory (Aggarwal et al.,
2013; Antonyan et al., 2014) and anti-Alzheimer (Naksuriya
et al., 2010 a). Curcumin has been reported to possess strong
antioxidant properties that can inhibit the oxidative stress fur-
ther the brain damage (Ataie et al., 2010; Samini et al., 2013).
Recently, Yang et al. (2014) and Naksuriya et al. 2010 have
reported that curcumin is found to be neuroprotective. There
are few studies demonstrating that curcumin can be made
effective and bioavailable by the turmeric-diet and also exhibits
prevention to oxidative damage (El-Ashmawy et al., 2006;
Martin et al., 2012). Furthermore, Thapliyal et al. (2002,
2003) and El-Shahat et al. (2012) found that turmeric-diet acts
as an antioxidant by improving antioxidant enzyme activity in
rat and mice.
In the present study, FT-IR spectroscopic technique was
employed in addition to biochemical analysis; to evaluate the
protective effect of TMR against the DLM caused oxidative
damage in the brain. FT-IR spectroscopy is one of the vibra-
tional spectroscopic techniques, which has been widely used
as a quantitative and qualitative tool (Xiaonan et al., 2011;
Ozek et al., 2014; Shivanoor and David, 2015) to detect and
quantify the macromolecules in any biological samples
(Xiaonan et al., 2011; Krishnakumar et al., 2012). Therefore,
the present study uses this molecular fingerprinting approach
in addition to biochemical analysis to investigate the protective
effects of turmeric on DLM induced oxidative damage in rat
brain tissues.
Materials and methods
Chemicals
Deltamethrin (Fig. 1)-DECIS 2.5 EC is an insecticide pur-
chased from Bayer Pvt. Ltd, India. All other chemicals were
of analytical grade, purchased from commercial vendors’ in
India.
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Turmeric power was obtained from Nani Agro Foods Pvt.
Ltd. Tamil Nadu, India and prepared turmeric-diet. Proximate
compositions of standard laboratory diet are presented in
Table 1. However, 1% turmeric-diet was considered to be a
therapeutic dose (El-Shahat et al., 2012; Reddy and Lokesh,
1994), it was prepared by thoroughly mixing 1 g of turmeric
with 99 g of standard laboratory diet. This diet was prepared
every week in the laboratory and stored at room temperature.
Experimental animals
Experiments were performed on Wister albino rats of approx-
imately 150 ± 10 g body weight (BW). The animals were kept
in plastic cages, the temperature (23 ± 2 C), 12-h light/dark
cycle with 60 ± 5% relative humidity were maintained in the
animal house, Department of Zoology, Karnatak University,
Dharwad. All animals were provided with standard laboratory
diet (VLR, Mumbai) and ad libitum water. Animals were accli-
matized for two weeks before the initiation of experiments and
handled in accordance with the CPCSEA guidelines.
Experimental design
After acclimatization, rats were equally divided into the fol-
lowing four different groups.
Group I: Control; Rats (n= 6) were fed standard labora-
tory diet and received ad-libitum tap water throughout the
experimental period.
Group II: Turmeric (TMR); Rats (n= 6) received ad-
libitum tap water and fed turmeric-diet for 48 + 7 days.
Group III: Deltamethrin (DLM); Rats (n= 6) were fed on
standard laboratory diet with simultaneous DLM exposure
through water (41 ppm) for 48 days.
Group IV: DLM+ TMR; Rats (n= 6) were fed turmeric-
diet for 48 + 7 days and treated with DLM through water
(41 ppm) for 48 days.
Sublethal dose of DLM (41 ppm) was equal to 1/12th of
LD50, 40 mg kg
1 BW (Aydin, 2011) was used in this study.
DLM was given through the water because, it can completely
dissolve and rapidly be absorbed in the gastrointestinal tract
(Kim et al., 2006) and TMR was administrated with food
because it’s widely used in this approach. In the present study,Table 1 Composition of standard diet for rats.
Contents Standard diet (%)
Moisture 6.00
Crude protein 18.40
Crude fat 4.35
Crude fibre 3.15
Calcium 1.10
Phosphorus 0.50
Total ash 4.50
Carbohydrates 62.00
Per kg of slandered diet provide 3140 kcal metabolizable energy to
the rats. The turmeric-diet contains 1% turmeric herbal powder.TMR and DLM+ TMR group rats were fed with turmeric-
diet for 7 days before to start of DLM treatment and daily
thereafter throughout the study for 48 days for acclimatization
to turmeric-diet and it gives better protective results (Thapliyal
et al., 2003).
Sample preparation
Sampling and biochemical assays
Followed by the dissection brain was quickly removed, placed
ice-cold normal saline solution and placed on ice and the whole
brain was made into two parts right and left. For estimations
of different oxidative stress related to biochemical parameters
in the brain, 1 g of left half of brain tissue was minced into
small pieces and homogenized in 10 mL of ice-cold phosphate
buffer saline (PBS) (0.05 M, pH 7) to obtain 10% homogenate.
The homogenate was centrifuged at 1500g and the supernatant
was stored at 20 C till further use. The right half of brain tis-
sues were also immediately frozen in liquid nitrogen. Then
minced and stored at 80 C, further the tissues were dried
in a lyophilizer (VIRTIS 6 KBEL 85) for 12 h to remove the
water and the samples were used for the FT-IR analysis.
Brain biochemistry
Measurement of lipid peroxidation
Malondialdehyde (MDA), as a marker for lipid peroxidation,
was determined by the double heating method of Draper and
Hadley (1990). The Thiobarbituric acid (TBA) spectrophoto-
metric assay was used. For this purpose, 2.5 mL of 10% (w/v)
trichloroacetic acid (TCA) solution was added to 0.5 mL super-
natant in a centrifuge tube and placed in a boiling water bath for
15 min and cooled, further the mixture was centrifuged at 600 g
for 10 min, and 2 mL of the supernatant was transferred into a
separate test tube containing 1 mL of 6.7 g l1 TBA solution and
placed again in a boiling water bath for 15 min for the reaction
to complete. The solution was then cooled and the absorbance
was measured at 532 nm. The molar extinction coefficient,
1.56  105 cm2 mmol1 of malondialdehyde was used to calcu-
late the malondialdehyde production and expressed as nmoles
of MDA g1 tissue.
Reduced glutathione (GSH)
The assay for GSH was determined by Ellman
spectrophotometric method (1959), based on the development
of a yellow colour when 5,5-dithiobis (2-nitrobenzoic acid)
(DTNB) react with sulfhydryl groups. Briefly, 3 mL of 20%
TCA and 1 mM Ethylenediaminetetraacetic acid (EDTA) was
added to 0.5 mL of supernatant to precipitate the proteins. The
mixture was kept at room temperature for 15 min, centrifuged
at 2500g for 15 min at room temperature. The supernatant was
used for the assay, the assay mixture contained 0.5 mL super-
natant, 2.5 mL Ellman’s reagent and was kept at room tempera-
ture for 20 min. The absorbance was read at 412 nm. The tissue
glutathione level was calculated from the standard curve of
known GSH concentration and expressed as mg g1 tissue.
Determination of antioxidant enzymes activities
CAT activity was assayed spectrophotometrically by the
decomposition of hydrogen peroxide (H2O2) according to the
Fig. 2 Effect of TMR on DLM-induced alterations of MDA in
rat brain. Values are mean ± SE for six rats in each group.
P< 0.05; **P< 0.01; ***P< 0.001 for DLM alone treated group
and merely feed turmeric-diet (TMR) groups vs. control and
+P< 0.05; ++P< 0.01 for (DLM+ TMR) group vs. DLM
alone treated group.
Fig. 3 Effect of TMR on DLM-induced alterations in the level
of GSH in rat brain. Values are mean ± SE for six rats in each
group. *P< 0.05; **P< 0.01; ***P< 0.001 for DLM alone
treated group and merely feed turmeric-diet (TMR) groups vs.
control and +P< 0.05; ++P< 0.01 for (DLM+ TMR) group
vs. DLM alone treated group.
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as mmol H2O2 consumed min
1 mg1 protein. SOD activity
was evaluated following Kakkar et al. (1984) and the activity
was expressed as U mg1 of protein.
GPX activity was measured according to Hafeman et al.
(1973) and activity was expressed as nmoles of GSH oxidized
min1 mg1 protein. GR activity was assayed by the method
of Carlberg and Mannervik (1975) modified by Iqbal et al.
(1998) and the enzyme activity was calculated as nmol
NADPH oxidized min1 mg1 of protein.
Protein determination
Protein content in all tissue was determined according to
Lowry et al. (1951) using BSA as a standard.
FT-IR analysis
Lyophilized tissue samples were ground in an agate mortar
and pestle and made into a fine powder. Then powder sample
was thoroughly mixed with completely dried IR grad potas-
sium bromide (KBr) powder in the ratio 1:100 and dried again
under a halogen lamp in order to remove any trace of water.
Then all powered samples were subjected to a high pressure
of 5 tonnes for 5 min to produce a clear transparent disc of
1 mm thickness. Finally, absorbance spectra of tissue samples
pallets were recorded at room temperature (25 ± 1 C) in the
region 4000–500 cm1 on a Nicolet-6700 FT-IR spectrome-
ter equipped with KBr beam splitter and an air cold deuterated
triglycine sulphate (DTGS) detector. Each sample was scanned
with three different pellets under identical conditions. These
replicates were averaged and these averaged spectra for each
sample were then used for further analysis. The spectra were
analysed using Origin 8 software.
FT-IR second derivative analysis
The rat brain FT-IR spectra were composed of numbers of
complex and overlapped peaks and to resolve these spectra
the second derivative also used (Susi and Byler, 1986). The
lipid band region (3050–2800 cm1), amide-I band region
(1700–1600 cm1) was considered for the analysis of second
derivative of the lipid and protein. The maxima in the FT-IR
absorption spectra were minima in the second derivative.Statistics
The data were analysed by using SPSS 16.0 for Windows. The
significance of differences were calculated using ANOVA, fol-
lowed by Tukey’s or Students t-test for multiple comparisons.
P < 0.05 was considered statistically significant.Results
Effect of deltamethrin on brain MAD and GSH content
The changes in the tissue MDA level in different experimental
groups represent (Fig. 2) there is a significant (P< 0.001)
increase (42.05%) in the DLM treated group compared to con-
trol. There is a remarkable decrease in the MDA level which
was observed when TMR is co-administrated with DLM
(DLM+ TMR) compared to the DLM treated group.The GSH level decreased by 38.12% (P< 0.001) in the
DLM treated group compared to control (Fig. 3), while
TMR co-administration with DLM, shows significant
(P< 0.05) increase in the level of GSH when compared to
DLM treated ones. In the present study the group merely
fed on turmeric-diet (TMR) shows insignificant (P> 0.05)
changes in MDA and GSH levels compared to control.
Antioxidant enzymes activities
The antioxidant enzyme activity has been represented in
Table 2. SOD and CAT activity in brain tissues of DLM trea-
ted group were shown to be decreased significantly
(P< 0.001) by 40.74% and 35.86% respectively, compared
to control. Co-administration of TMR exhibits significant
(P< 0.05) restoration in the activity of these two enzymes
compared to DLM treated group. GPx activity was also inhib-
ited significantly (P< 0.001) by 40.43% in the brain tissue
after DLM treatment compared to control, while TMR co-
administration with DLM (DLM+ TMR) shows restoration
Table 2 Effect of turmeric (TMR) on deltamethrin (DLM) induced changes in the activity of brain antioxidant enzymes (SOD, CAT,
GPx and GR).
Parameters Experimental groups
Control TRM DLM LTC+ TRM
Catalasea 14.85 ± 1.23 15.16 ± 2.31 8.80 ± 1.36*** 12.67 ± 2.43+
Superoxide dismutaseb 11.04 ± 0.83 11.42 ± 1.02 7.08 ± 0.54** 10.15 ± 0.46+
Glutathione peroxidasec 32.58 ± 1.64 31.36 ± 1.2 20.48 ± 0.68*** 25.71 ± 0.72++
Glutathione reductased 46.08 ± 1.17 47.08 ± 2.41 35.60 ± 1.16*** 40.04 ± 1.06+
Values are means ± SE for six rats in each group. *P< 0.05; **P< 0.01; ***P< 0.001 for DLM and merely turmeric-diet feed (TMR) groups
vs. control group and +P< 0.05; ++P< 0.01: (DLM+ TMR) group vs. DLM group.
a Catalase = lmmoles H2O2 degraded min
1 mg1 protein.
b Superoxide dismutase = units mg1 protein.
c Glutathione peroxidase = units mg1 protein.
d Glutathione reductase = nmoles NADPH oxidized min1 mg1 protein.
Fig. 4 The representative Fourier transform-infrared (FT-IR) spectra of rat brain tissues in the control., turmeric-diet (TMR).,
deltamethrin (DLM) treated and TMR co-administrated with DLM (DLM+ TMR) groups in the 4000–500 cm1 region.
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nificant (P< 0.001) decrease in GR activity (22.74%) com-
pared to control. The DLM+ TMR group shows
appreciable restoration in the GR activity, compared to
DLM treated group, while the group merely fed on turmeric-
diet (TMR) shows insignificant (P> 0.05) changes in all the
antioxidant enzymes activity.
FT-IR analysis
The FT-IR absorption spectra between 4000 cm1 and
500 cm1 (Fig. 4) and the peak assignments (Table 3) shows,
the changes in various macromolecules including lipids, pro-
teins, polysaccharides and nucleic acids in control and treated
groups. The detailed spectral analysis was performed in three
distinct frequency ranges, namely 3600–3050 cm1 (Figs. 4
and 5), 3050–2800 cm1 (Figs. 4 and 6) and 1800–
800 cm1 (Figs. 4 and 6) to know more details of the above
said macromolecules. In addition to this, secondary derivative
of the amide-I region (1700–1600 cm1) and lipid region
(3050–2800 cm1) was analysed for protein and lipid sec-
ondary structure in the brain tissue (Fig. 6).Fig. 5A mainly consists of amide-A vibrations of proteins
in brain tissues range between 3600 and 3050 cm1. The
band appearing at 3301 cm1 in control was shifted to
3297 cm1 in the DLM treated group and 3298 cm1 in
TMR co-administrated with DLM (DLM+ TMR) group.
Table 6 shows that there is a significant decrease (29.18%) in
the 3301 cm1 band area in the DLM treated group com-
pared to control. It reveals that the protein content in the brain
tissues of DLM treated group is lesser than that of the control.
While TMR co-administration with DLM (DLM+ TMR)
group shows significant (P< 0.05) increase in the correspond-
ing area by 18.81% compared to DLM treated group, the
group fed merely on turmeric-diet shows insignificant
(P> 0.05) changes in the area values of this band compared
to the control. The shoulder peak of amide-A was assigned
to amide-B (Cakmak et al., 2006). The band appearing at
3085 cm1 in control was shifted to 3073 cm1 in the
DLM treated group and the band area was significantly
(P< 0.01) decreased by 28.54% compared to control, while
TMR co-administrated with DLM reverse vibrational shifting
in amide-B towards the control at 3080 cm1 and band area
by 18.60% compared to DLM group. This result shows tur-
Table 3 General band assignments of the Fourier transform-infrared (FT-IR) of control, turmeric (TRM), deltamethrin (DLM) and
TMR co-administered with DLM treated brain tissues based on the literature (Nabavi et al., 2012; Rother, 2014; Salvi et al., 2007;
Samini et al., 2013; Sebnem et al., 2007).
Wave number in cm1 Vibrational peak assignments
Peak No Control TMR DLM DLM+ TRM
1 3301 3299 3297 3298 Amide-A: mainly N–H stretching of proteins with negligible contribution
from O–H stretching of intermolecular hydrogen bonding
2 3085 3083 3073 3080 Amide-B: N–H stretching of proteins
3 3014 3015 3012 3014 Olefinic ‚C–H stretching: unsaturated lipids
4 2962 2961 2956 2960 CH3 asymmetric stretching: mainly lipids
5 2927 2928 2923 2925 CH2 asymmetric stretching: mainly lipids
6 2876 2876 2870 2874 CH3 symmetric stretching: proteins
7 2856 2855 2852 2853 CH2 symmetric stretching: lipids
8 1746 1743 1737 1739 Ester C‚O stretching: lipids
9 1654 1655 1652 1653 Amide-I (protein C‚O stretching)
10 1544 1543 1542 1543 Amide-II (protein N–H bend, C–N stretch)
11 1465 1465 1467 1467 CH2 bending; lipids & proteins
12 1404 1406 1396 1401 COO– symmetric stretching: fatty acids
13 1307 1308 1305 1307 CH3 CH2 stretching: collagen
14 1242 1241 1236 1239 PO2– asymmetric stretching: nucleic acids & phospholipids
15 1172 1170 1168 1170 CO–O–C stretching: glycogen
16 1075 1074 1072 1073 PO2– asymmetric stretching: nucleic acids
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the brain tissue is correlated with protein estimated by Lowry
et al. (1951) method for both (DLM+ TMR) and control
groups. The band at 1544 cm1 assigned to the amide-II pro-
tein in the brain tissue (Table 3). DLM treated caused signifi-
cant (P< 0.001) decrease in the area of this band compared to
control. TMR co-administration with DLM (DLM+ TMR)
brings back to the band area value towards the control values.
In addition to this the results of calculated ratio of amide-II to
amide-A protein showed significant (P< 0.001) increase in the
DLM treated group compared to control (Table 6). TMR co-
administrated with DLM (DLM+ TMR) shows the restora-
tion in the ratio towards the control, while the group fed
merely on turmeric-diet showed insignificant (P> 0.05)
changes in the both the amide bands, compared to control.
In order to investigate the changes in lipid content of rat
brain tissues, the IR spectral region from 3050 to
2800 cm1 was considered. In this region peaks arise from
absorptions of olefinic (‚CH), CH3 and CH2 stretching
groups (Fig. 5B). The band at 3014 cm1 was mainly due
to unsaturation in the acyl chain of phospholipids in the brain
tissue (Akkas et al., 2007). DLM alone treated group showed
significant (P< 0.001) decrease by 53.33% in the area of band
at 3014 cm1 DLM alone treated group compared to con-
trol, whereas in TMR co-administrated with DLM (DLM
+ TMR) group shows restoration in the unsaturation in the
acyl chain of phospholipids (Table 6). One more important
band observed at 2856 cm1 is assigned to the saturated
lipids in the brain tissue (Akkas et al., 2007). The band area
of this was decreased significantly (P< 0.001) in the DLM
alone treatment group compared to control. However, the
ratio of saturated to unsaturated lipids was significantly
increased in the DLM alone treated group compared to con-
trol (Table 6). TMR co-administration with DLM in DLM
+ TMR group showed appreciable restoration in the area
and ratio value of unsaturated and saturated lipids in brain tis-
sue (Tables 4 and 5). The bands at 2962 cm1 and2924 cm1 were assigned to the methyl and methylene groups
of lipids respectively in the brain tissue. The area values were
significantly (P< 0.001) decreased from 0.16 ± 0.09 to 0.09
± 0.01 in methyl and from 2.98 ± 0.11 to 1.47 ± 0.55 in the
methylene population in the brain tissue of DLM alone treated
group compared to control. The group feed with turmeric-diet
with simultaneous DLM exposure in DLM+ TMR group
showed restoration in the values of these bands towards the
control, while the group feed merely on turmeric-diet showed
insignificant (P> 0.05) changes compared to control (Table 6).
Fig. 5C shows that absorptions are primarily due to the
continuation of polysaccharides, nucleic acid, phospholipids
and carbohydrates in the range of 1800-800 cm1. The band
assignments are given in Table 3. The main band at
1240 cm1 was due to the asymmetric phosphate stretching
vibration of phospholipids and the band observed at
1160 cm1 was due to C–O asymmetric stretching of glyco-
gen. Significant (P< 0.001) decrease in the area from 2.06
± 0.05 to 1.39 ± 0.005 and 0.02 ± 0.00 to 0.01 ± 0.00 in
phospholipids and glycogen respectively of these bands was
observed in the DLM alone treatment group compared to con-
trol, whereas TMR co-administrated with DLM (DLM
+ TMR) group showed appreciable restoration the area val-
ues of these bands compared to DLM alone treated group,
while the group fed merely on turmeric-diet showed insignifi-
cant (P> 0.05) changes compared to control (Table 6).
Fig. 6A shows the changes in the secondary structure of
protein and the changes in the peak position, peak intensity
and peak assessments are given in the Table 6. The intensity
of all the bands were affected in the DLM alone treated group
compared to control. The intensity of the antiparallel b-sheet
and random coil structure was significantly increased in the
DLM treated group compared to control. DLM alone treated
group showed a significant decrease in the intensity of the a-
helix, b-sheet and aggregated b-sheet significant increase in
the antiparallel b-sheet and random coils compared to control.
While the group co-administrated with TMR (DLM+ TMR)
Fig. 6 Second derivative Fourier transform-infrared (FT-IR)
spectra in the 1700–1600 cm1 (A) and 3050–2800 cm1 (B)
region of the control., merely fed on turmeric-diet (TMR).,
deltamethrin (DLM) treated and TMR co-administrated with
DLM (DLM+ TMR) groups rat brain tissues.
Fig. 5 The FT-IR spectra of rat brain tissues in the control.,
merely fed on turmeric-diet (TMR)., deltamethrin (DLM) treated
and TMR co-administrated with DLM (DLM+ TMR) groups in
the 3600–3050 cm1 (A), 3050–2800 cm1 (B) and 1800–
800 cm1 regions.
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to DLM alone treated group.
Fig. 6B shows changes in the lipid containment of control
and treated rat brain tissue in the region from 3050 to
2800 cm1. The two bands are mainly due to CH2 asymmetric
and symmetric stretching in the brain tissue (Table 6). The
intensities of the CH2 asymmetric and symmetric stretching
bands decreased significantly in the DLM-treated brain tissues,
which correspond to decrease in the lipid content, while in the
group co-administrated with TMR showed significantrestoration in the brain contain compare to DLM alone
treated group. The group merely feed with turmeric-diet
(DLM+ TMR) showed insignificant changes in the intensity
compared to control.
Discussion
Usage of insecticides and pesticides has been increased, as
there is a great demand for food production for increased pop-
ulation. Therefore, it is undeniable for the Government to give
permission for the production of more number of pesticide or
insecticides, however, preferably those are less mammalian and
high insect toxic. Pyrethroids are the class of insecticides that
cause low mammalian and high insect toxicity (Haverinen
and Vornanen, 2014). Now a days increased use of pyrethroids
cause a number of neurodegenerative diseases in humans
(Baltazar et al., 2014). These diseases are mainly because of
oxidative damage and imbalance in lipid metabolism in the
neural tissue (Roszczenko et al., 2013). Fendri et al. (2009)
demonstrated that neurons in the nervous system are more sus-
ceptible to free radical toxicity as they have a high amount of
catecholamine oxidative metabolic activity and contain low
levels of antioxidant enzymes. Studies reported that pyre-
throids cause oxidative stress in neural tissue (Kim et al.,
2006; Gullick et al., 2014). Together, it is predictable that
oxidative damage is a key to the aetiology of neurodegenera-
Table 4 Changes in the band areas IR bands for the control, TMR, DLM alone treated and TMR co-administrated with DLM brain
tissues of rats (n= 6).
Wave number (cm1) Experimental groups
Control TMR DLM DLM+ TMR
3301 255.81 ± 3.11 261.88 ± 2.13 181.36 ± 8.31*** 223.39 ± 7.10+++
3085 0.49 ± 0.01 0.52 ± 0.01 0.35 ± 0.02 *** 0.43 ± 0.01++
3014 0.15 ± 0.01 0.14 ± 0.06 0.07 ± 0.005 *** 0.10 ± 0.007+
2962 0.16 ± 0.09 0.15 ± 0.07 0.09 ± 0.01*** 0.13 ± 0.03++
2924 2.98 ± 0.11 3.00 ± 0.53 1.47 ± 0.55 *** 1.80 ± 0.58+
2856 0.81 ± 0.03 0.76 ± 0.04 1.01 ± 0.04 *** 0.85 ± 0.03+
1744 0.87 ± 0.01 0.83 ± 0.03 0.54 ± 0.04 *** 0.66 ± 0.05+
1654 31.74 ± 0.71 36.69 ± 0.65 23.17 ± 0.78 *** 29.97 ± 0.51++
1544 9.50 ± 0.32 10.84 ± 0.46 5.38 ± 0.24 *** 8.02 ± 0.28++
1465 0.30 ± 0.09 0.34 ± 0.06 0.43 ± 0.02 *** 0.34 ± 0.09++
1311 2.53 ± 0.08 2.67 ± 0.012 1.83 ± 0.04 *** 2.18 ± 0.05++
1240 2.06 ± 0.05 2.14 ± 0.01 1.39 ± 0.05*** 1.62 ± 0.03++
1160 0.02 ± 0.00 0.02 ± 0.00 0.01 ± 0.00*** 0.02 ± 0.00+
Values are means ± SE for six rats in each group. *P< 0.05; **P< 0.01; ***P< 0.001 for DLM and merely turmeric-diet fed (TMR) groups
vs. control group and +P< 0.05; ++P< 0.01: (DLM+ TMR) group vs. DLM group.
Table 5 FT-IR absorption band area ratio for selected bands of control, TMR, DLM treated and TMR co-administrated with DLM
treated brain tissues of rat.
Band area ratio Experimental groups
Control TMR DLM DLM+ TMR
I1544/I3301 0.042 ± 0.002 0.043 ± 0.002 0.023 ± 0.001
*** 0.032 ± 0.001++
I2962/I2856 0.19 ± 0.009 0.20 ± 0.005 0.09 ± 0.006
*** 0.16 ± 0.01++
I1544/I1654 0.29 ± 0.006 0.29 ± 0.008 0.23 ± 0.009
*** 0.26 ± 0.10+
Values are means ± SE for six rats in each group. *P< 0.05; **P< 0.01; ***P< 0.001 for DLM and merely turmeric-diet fed (TMR) groups
vs. control group and +P< 0.05; ++P< 0.01: (DLM+ TMR) group vs. DLM group.
Table 6 Band assignments of the secondary derivative and peak intensity of amide-I band (1700–1600 cm1) and lipid band
(3050–2800 cm1) region of control, turmeric (TRM), deltamethrin (DLM) and TMR co–administered with DLM treated brain
tissues based on the literature (Quitschke et al., 2013; Samini et al., 2013; Sethi et al., 2009; Sebnem et al., 2007; Shafer et al., 2005;
Sharma, 1976).
Wave number in cm1 Peak intensity (au) Peak assignments
Peak No Control TMR DLM DLM+ TMR Control TMR DLM DLM+ TRM
Protein
1 1693 1693 1693 1693 0.0010 0.0015 0.0023** 0.0022+ Antiparallel b-sheet
2 1673 1673 1673 1673 0.0009 0.0009 0.0005* 0.0007+ Turns
3 1654 1654 1654 1654 0.0061 0.0057 0.0021*** 0.0041++ a-helix
4 1646 1646 1648 1648 0.0015 0.0016 0.0041*** 0.0038+ Random coil
5 1637 1637 1637 1637 0.0037 0.0035 0.0018** 0.0031++ b-sheet
6 1629 1629 1629 1629 0.0019 0.0021 0.0009*** 0.0013++ Aggregated b-sheet
Lipid
1 2921 2921 2921 2921 0.006 0.007 0.003** 0.005+ CH2 asymmetric stretching
2 2850 2850 2850 2850 0.011 0.012 0.006*** 0.009++ CH2 symmetric stretching
Values are means ± SE (±0.0003) for six rats in each group. *P< 0.05; **P< 0.01; ***P< 0.001 for DLM and merely turmeric-diet fed
(TMR) groups vs. control group and +P< 0.05; ++P< 0.01: (DLM+ TMR) group vs. DLM group.
Reversal of deltamethrin-induced oxidative damage 63tive disorders. Thus, it had drawn the attention of a number of
researchers to find out capable antioxidants in order to reduce
oxidative damage. Therefore, in the present study, we have
made an attempt with turmeric for its efficient antioxidant
capacity. Naksuriya et al. (2010) and Lim et al. (2001) have
suggested that curcumin plays an important role in the neuro-protection and reduced amyloid pathology in Alzheimer trans-
genic mice. However, none of the studies dealt with the
neuroprotection effect of turmeric as a whole, against pyre-
throid induced neural toxicity. This study explores the amelio-
rative effect of turmeric against DLM caused oxidative stress
leads to neurodegenerative diseases in the brain tissue of albino
64 S.M. Shivanoor, M. Davidrats at the molecular level using FT-IR spectroscopy and bio-
chemical analysis. The FT-IR investigation provides structural
information of biomolecules including proteins, nucleic acids,
carbohydrates and lipids, and it allows for recognition, detec-
tion and quantification of changes in these macromolecular
components (Sivakumar et al., 2014).
In the present study care has been taken while preparing
turmeric-diet and preservation and also the preparation of uni-
form thickness of pellet with same quantity of sample and KBr
(1:100) for FT-IR analysis. The spectra were collected in triplet
and observed that they were identical. Therefore, it is possible
to directly relate the change in intensity and more accurately
the area of the absorption bands to the concentration of the
corresponding biomolecules in the tissue (Akkas et al., 2007;
Kong and Yu, 2007; Cakmak et al., 2006).
Fig. 5A and Table 3 show shifting in the frequency of amide-
A and amide-B band at 3301 cm1 and 3078 cm1 respec-
tively, which are mainly due to N–H stretching of proteins with
a negligible contribution from O–H stretching of intermolecu-
lar hydrogen bonding since unbound water was removed from
the system (Cakmak et al., 2006). The shift towards lower val-
ues and significant decreases (P< 0.01) in the area of these
bands were observed in the DLM alone treated rats (Tables 3
and 4). The decrease in the area value of these bands indicates,
that there is decrease in protein content in the brain tissue
(Akkas et al., 2007; Sivakumar et al., 2014), while in the
TMR co-administrated with DLM (DLM+ TMR) group
was showed significant (P< 0.05) restoration in these band
areas. The increase in the area of amide-A and amide-B bands
indicates an increase in the protein synthesis in the brain tissue.
This is the supportive sign of the ameliorative effect of turmeric
over the pyrethroids induced oxidative stress or neurodegener-
ative diseases in the brain. These findings agree with the find-
ings of Quitschke et al. (2013), who demonstrated that, the
curcumin exhibits protective effect against Alzheimer disease.
The group merely fed with turmeric-diet (TMR) showed
insignificant (P> 0.05) changes in the area values and the area
ratio of these bands (Tables 3 and 4).
Several other studies demonstrated that the brain is a lipid-
rich tissue having relatively low antioxidative potential, is espe-
cially susceptible to the action of xenobiotic compounds, those
can induce oxidative stress and disturbing lipid metabolism
(Ong et al., 2010). Roszczenko et al. (2013) demonstrated that
nervous tissue contains a higher level of peroxidizable unsatu-
rated lipids and high oxygen utilization and more susceptible
to peroxidative damage than other organs. As seen from the
Fig. 5B and Table 6, the area of the olefinic band decreased
significantly (P< 0.001) in the DLM alone treated group,
indicating decreased 53.33% in the population of unsaturation
in acyl chains of lipid molecules. This band was used as an
index of relative concentration of the unsaturated lipids.
Ozek et al. (2010) have demonstrated that the decrease in the
unsaturation is responsible for the increased lipid peroxidation
caused by ROS. This was observed by the secondary derivative
of the lipid band in the 3050–2800 cm1 region (Fig. 6B).
TMR co-administration with DLM in (DLM+ TMR) group
shows a significant increase in the band area of olefinic unsat-
urated fatty acids. Such increases in the area of olefinic band
reveal that TMR can reduce the free radical damage in the
lipid molecules in the brain tissue of rats. Studies demonstrated
that the turmeric polyphenolic compounds can scavenge the
free radical generated in the functionally different tissues (Fuet al., 2014; Yang et al., 2014). It implies that damage caused
by ROS in brain tissue may be reduced by turmeric supple-
mented diet offered to DLM+ TMR group rats. The band
observed at 3014 cm1 gives information about the concen-
tration of unsaturated lipid, olefinic HC–CH stretching band
and observed band at 2856 cm1 about saturated lipids,
CH2 symmetric. This result indicates that DLM caused a sig-
nificant (P< 0.01) increase in the ratio of saturated lipids to
unsaturated lipids (Table 6). With this ratio it has been con-
firmed that DLM causes degradation of lipid in the brain tis-
sue. The decrease in intensity of band at 1744 cm1 also
provides the proof of decreased quantity of unsaturated acyl
chain in the DLM treated rats (Sebnem et al., 2007). Several
studies reported that DLM causes lipid peroxidation by gener-
ating ROS that further cause lipid degradation. However, lipid
integrities are playing an important role in regulating many
membrane functions, such as signal transduction, solute trans-
port, and activity of enzymes associated with the membrane.
Lipid peroxidation causes the decrease of CH2 bonds in lipid
chains and the production of lipid hydroperoxides, which react
with other lipids giving rise to an auto-oxidation cycle that
damage deeply cellular membrane (Ozek et al., 2010). The
studies provide evidence that changes in the membrane fluidity
and order of the lipid affect the kinetics and function of differ-
ent ionic channels, including sodium, potassium, and chloride,
and thus alters the membrane excitability (Awayda et al., 2004;
Sirvent et al., 2008). Probably such change in lipid order and
dynamics plays the main role in prolonged opening of ion
channels which, further may cause trailing current in the sig-
nalling, therefore, neurodegenerative diseases in the brain.
The biomedical analysis in the brain tissue was helped to con-
firm the same. All these observations in merely feed turmeric-
diet (TMR) group were same as in the control.
Biochemical estimation revealed that the DLM treatment
induced significant (P< 0.001) increase in the MDA level by
42.05% (Fig. 2). On the other hand DLM alone treatment sig-
nificantly reduces the activity of SOD, CAT, GPx and GR in
the brain tissue (Table 2). These findings coincide with the
findings of Fetoui et al. (2008). TMR co-administration with
DLM showed restoration in the MDA level and in all antiox-
idant enzyme activity. Studies show that curcumin can dis-
tribute throughout the body, including the brain and it can
inhibit or scavenge the ROS generated in the cells and tissue
(Sharma, 1976; Nishikawa et al., 2013; Quitschke et al.,
2013). Curcumin is shown to be neuroprotective, against etha-
nol and aluminium induced brain damage (Sethi et al., 2009;
Quitschke et al., 2013) and most importantly, it reduces amy-
loid pathology in Alzheimer transgenic mice (Lim et al., 2001).
DLM can alter the cellular reduced glutathione level, result-
ing in excessive production of ROS at the mitochondrial level,
leading to damage of cellular components. GSH plays an
important role in the balancing the generated ROS in cells.
On the other hand, decreased level of GSH may lead to the
increased lipid peroxidation in the brain tissue. In the present
study, the GSH content was significantly (P< 0.001)
decreased in the DLM treated group (Fig. 3). Studies demon-
strated that pyrethroids can cause oxidative stress by decreas-
ing the level of GSH in functionally different tissues (Sirvent
et al., 2008; Fendri et al., 2006; Rajakrishnan et al., 1999).
Reduced GSH level leads to accumulating H2O2 and promote
the formation of OH, the most toxic molecule, it results in
more oxidant load and so oxidative damage (Ishrat et al.,
Reversal of deltamethrin-induced oxidative damage 652009). However, the brain is rich in polyunsaturated fatty
acids, highly susceptible to the free radicals (Gilda et al.,
2010). Enhanced ROS and decreased activity of antioxidants
result in the conversion of polyunsaturated fatty acids to satu-
rated fatty acids in the brain tissue. Altogether, we conclude
that pyrethroids induce oxidative damage in the neural tissue
results into neurodegenerative diseases in human and animals.
TMR co-administration with DLM (DLM+ TMR) group is
significant (P< 0.05) in restoration of the activity of antioxi-
dants (Table 2). The ratio calculation show increased saturated
fatty acids over unsaturated fatty acids in DLM treated group
(Table 6). While in the TMR co-administered group observed
restoration in these biomolecules, which indicates that the tur-
meric is one of the good neuroprotector. The group feed
merely with turmeric-diet (TMR) shows insignificant
(P> 0.05) changes in saturated and unsaturated fatty acid
ratio. Studies demonstrated that turmeric contain phenolic
compounds like curcumin, it acts as anti-epileptic agent by
scavenging ROS (Fendri et al., 2006). The antioxidant activity
of phenolics is mainly due to their redox properties, which
allow them to act as reducing agents, hydrogen donators and
singlet oxygen quenchers (Ka¨hko¨nen et al., 1999; Kaur and
Kapoor, 2002). Consequently, the present study shows that
turmeric supplemented diet acts as good antagonistic com-
pound against neurodegenerative diseases caused by DLM.
Fig. 5C and Table 5 show the changes in the ratio of methyl
and methylene band at 2962 cm1 and 2856 cm1 respec-
tively. DLM alone treatment was significantly brings down
the ratio of methyl group protein. This may be due to gener-
ated ROS can cause structural modification in proteins via
conversion of side chain amino groups to the corresponding
free radical-induced carbonyls (C‚O) at arginine, lysine, thre-
onine or proline residues (Aksenov et al., 2001). While the
TMR co-administration with DLM restore the methyl ratio
in DLM+ TMR group. The bands from 1700–1600 cm1
are assigned to a-helix structure and b-sheet structures of pro-
teins (Toyran et al., 2004). Fig. 5B and Table 3 shows the
changes in the frequency and the area value of amide-I and
amide-II at 1654 cm1 and 1544 cm1 respectively. How-
ever, it is seen in Table 4 the area values of these bands were
significantly decreased in the DLM alone treated group. The
decrease in the band area of amide-I and amide-II was consis-
tent with the decrease in band area of amide-A band at
3301 cm1. These, bands of the proteins are mainly responsi-
ble for the other action in secondary structure of proteins. Sig-
nificant (P< 0.001) reduction in the area values of these bands
indicates that there is a decrease in the membrane proteins,
including, a- and b-proteins of the ion channels in the neurons.
The maxima of amide-I region (1700–1600 cm1) is used for
the protein secondary structure analysis (Surewicz and
Mantsch, 1988). The decreased in the intensity of a-helix, b-
sheets and turns which is accompanied by increase in the inten-
sity of antiparallel b-sheets and random coils in the proteins
has been observed in the DLM treated rat brain tissue
(Fig. 6A, Table 6). Aksenov et al. (2001) demonstrated that
the pyrethroids cause decrease in the protein content of the
brain. The loss of the protein, mainly takes place by the break-
down of the hydrogen and sulphide bands in the proteins. Such
breaks can lead to the unfolding of the proteins and results in a
disorganization of the internal structure (Toyran et al., 2005).
The secondary structure analysis indicates that the DLM
mainly cause the unfolding of the a-helix and b-sheet byincreasing the antiparallel b-sheet and random coils (Table 6).
Due to conformal changes in these protein secondary struc-
ture, channels may remain open which leads to slow neural
transduction. All these changes are mainly due to oxidative
damage in the neural tissue caused by ROS. However, TMR
co-administration with DLM shows restoring the structural
changes in these proteins. Which is confirmed by shift in the
band frequency DLM+ TMR group. The group merely fed
with turmeric-diet (TMR) showed insignificant (P> 0.05)
changes in protein content. The increased ratio of amide-II
to amide-I confirm that turmeric restores the protein structure
in brain tissue (Table 6). The secondary structure of the pro-
tein was restored by decreasing the antiparallel b-sheets and
random coils and increasing the a-helix and b-sheet in the
TMR co-administered rat brain (Table 4). Similar to these
changes in the amide-I and amide-II, also confirmed by bio-
chemical improvement in the activity of antioxidant enzymes
and revels the oxidative damage to the proteins. Wang et al.
(2013) had reported that curcumin cross the blood–brain bar-
rier and inhibit the formation of amyloid b-oligomers and fib-
rils in mice, so it has been recommended that the use of
curcumin for the clinical trials to prevent or to treat Alzhei-
mer’s disease. The curcumin treatment decreases the oxidiza-
tion of the proteins in the brain tissue (Ataie et al., 2010).
Additionally, several other studies were reported that cur-
cumin is one of the preeminent protectors against Alzheimer’s
disease (Samini et al., 2013; Yang et al., 2005).
In conclusion, we have showed that DLM causes oxidative
damage by decreasing the activity of antioxidants in the rat
brain tissue. 1% Turmeric-diet was ameliorated against oxida-
tive stress in the neural tissues in animals and human. How-
ever, the protective effect of turmeric was successfully
evidenced by FT-IR analysis, including restoration of the
unsaturated fatty acids, protein contain and in the activity of
antioxidants. The present findings add to the current knowl-
edge on the usage of protective use of turmeric to prevent
the oxidative damages in the neural tissue caused by DLM.
Conflict of interest
The authors declare that there are no conflicts of interest.Acknowledgement
The author wishes to thank for financial assistance by the
University Grant Commission (UGC) for awarding a
Research Fellowship in Science for Meritorious Student [F.4-
1/2006(BRS)/7-102/2007(BRS)] to the first author and authors
gratefully acknowledge the the Department of Zoology and
University Scientific instrumentation Center (USIC), Kar-
natak University, Dharwad, Karnataka, India for extending
the facility to carry present work.
References
Abdul-Hamid, M., Salah, M., 2013. Lycopene reduces deltamethrin
effects induced thyroid toxicity and DNA damage in albino rats. J.
Basic Appl. Zool. 66 (4), 155–163.
Aebi, H., 1984. Catalase in vitro. Methods Enzymol. 105, 121–126.
Aggarwal, B.B., Yuan, W., Li, S., Gupta, S.C., 2013. Curcumin-free
turmeric exhibits anti-inflammatory and anticancer activities,
66 S.M. Shivanoor, M. Davididentification of novel components of turmeric. Mol. Nutr. Food
Res. 57 (9), 1529–1542.
Akkas, S.B., Severcan, M., Yilmaz, O., Severcan, F., 2007. Effects of
lipoic acid supplementation on rat brain tissue, an FTIR spectro-
scopic and neural network study. Food Chem. 105, 1281–1288.
Aksakal, E., Ceyhun, S.B., Erdog˘an, O., Ekinci, D., 2010. Acute and
long-term genotoxicity of deltamethrin to insulin-like growth
factors and growth hormone in rainbow trout. Comp. Biochem.
Physiol. Part C 152, 451–455.
Aksenov, M.Y., Aksenova, M.V., Butterfield, D.A., Geddes, J.W.,
Markesbery, W.R., 2001. Protein oxidation in the brain in
Alzheimer’s disease. Neuroscience 103, 373–383.
Antonyan, A., Dec, A., Vitali, L.A., Pettinari, R., Marchetti, F.,
Gigliobianco, M.R., Pettinari, C., Camaioni, E., Lupidi, G., 2014.
Evaluation of (arene) Ru(II) complexes of curcumin as inhibitors of
dipeptidyl peptidase IV. Biochemie 99, 146–152.
Ataie, A., Sabetkasaei, M., Haghparast, A., Moghaddam, A.H.,
Kazeminejad, B., 2010. Neuroprotective effects of the polyphenolic
antioxidant agent, curcumin, against homocysteine-induced cogni-
tive impairment and oxidative stress in the rat. Pharmacol.
Biochem. Behav. 96, 378–385.
Awayda, M.S., Shao, W., Guo, F., Zeidel, M., Hill, W.G., 2004.
ENaC–membrane interactions, regulation of channel activity by
membrane order. J. Gen. Physiol. 123, 709–727.
Aydin, B., 2011. Effects of thiacloprid., deltamethrin and their
combination on oxidative stress in lymphoid organs., polymor-
phonuclear leukocytes and plasma of rats. Pestic. Biochem.
Physiol. 100, 165–171.
Baltazar, M.T., Dinis-Oliveira, R.J., Bastos, Mde.L., Tsatsakis, A.M.,
Duarte, J.A., Carvalho, F., 2014. Pesticides exposure as etiological
factors of Parkinson’s disease and other neurodegenerative dis-
eases—a mechanistic approach. Toxicol. Lett. 230 (2), 85–103.
Bishnoi, M., Chopra, K., Kulkarni, S.K., 2008. Protective effect of
curcumin, the active principle of turmeric (Curcuma longa) in
haloperidol-induced orofacial dysk-inesia and associated beha-
vioural., biochemical and neurochemical changes in rat brain.
Pharmacol. Biochem. Behav. 88, 511–522.
Cakmak, G., Togan, I., Severcan, F., 2006. 17 b-Estradiol induced
compositional, structural and functional changes in rainbow trout
liver., revealed by FT–IR spectroscopy, a comparative study with
nonylphenol. Aquat. Toxicol. 77, 53–63.
Carlberg, I., Mannervik, B., 1975. Glutathione reductase levels in rat
brain. J. Biol. Chem. 250, 5475–5480.
Carloni, M., Nasuti, C., Fedeli, D., Montani, M., Amici, A., Vadhana,
M.S.D., Gabbianelli, R., 2012. The impact of early life permethrin
exposure on development of neurodegeneration in adulthood. Exp.
Gerontol. 47, 60–66.
Chinn, K., Narahashi, T., 1985. Stabilization of sodium channel states
by deltamethrin in mouse neuroblastoma cells. J. Physiol. 380, 191–
207.
Ding, Y., White, C.A., Muralidhara, S., Bruckner, J.V., Bartlett, M.
G., 2004. Determination of deltamethrin and its metabolite 3-
phenoxybenzoic acid in male rat plasma by high-performance
liquid chromatography. J. Chromatogr. B Anal. Technol. Biomed.
Life Sci. 810 (2), 221–227.
Draper, H.H., Hadley, M., 1990. Malondialdehyde determination as
index of lipid peroxidation. Methods Enzymol. 86, 421–431.
El-Ashmawy, I.M., Ashry, K.M., El-Nahas, A.F., Salama, O.M.,
2006. Protection by turmeric and myrrh against liver oxidative
damage and genotoxicity induced by lead acetate in mice. Basic
Clin. Pharmacol. Toxicol. 98, 32–37.
Ellman, G.L., 1959. Tissue sulfhydryl groups. Arch. Biochem. 82, 70–
77.
El-Shahat, M., El-Abd, S., Alkafafy, M., El-Khatib, G., 2012.
Potential chemoprevention of diethylnitrosamine-induced hepato-
carcinogenesis in rats, myrrh (Commiphora molmol) vs. turmeric
(Curcuma longa). Acta Histochem. 114 (5), 421–428.Eriksson, P., Fredriksson, A., 1991. Neurotoxic effects of two different
pyrethroids, bioallethrin and deltamethrin, on immature and adult
mice: changes in behavioral and muscarinic receptor variables.
Toxicol. Appl. Pharmacol. 108 (1), 78–85.
Fendri, C., Mechri, A., Khiari, G., Othman, A., Kerkeni, A., Gaha, L.,
2006. Oxidative stress involvement in schizophrenia pathophysiol-
ogy, a review. Encephale 32, 244–252.
Fetoui, H., Garoui, E., Makni-ayadi, F., Zeghal, N., 2008. Oxidative
stress induced by lambda-cyhalothrin (LTC) in rat erythrocytes and
brain, attenuation by vitamin C. Environ. Toxicol. Pharmacol. 26,
225–231.
Fu, S., Shenb, Z., Ajlouni, S., Ng, K., Sanguansri, L., Augustin, M.A.,
2014. Interactions of buttermilk with curcuminoids. Food Chem.
149, 47–53.
Fu, S., Augustin, M.A., Shen, Z., Ng, K., Sanguansri, L., Ajlouni, S.,
2015. Bioaccessibility of curcuminoids in buttermilk in simulated
gastrointestinal digestion models. Food Chem. 179, 52–59.
Gilda, S., Kanitkar, M., Bhonde, R., Paradkar, A., 2010. Activity of
water-soluble turmeric extract using hydrophilic excipients. Food
Sci. Technol. 43, 59–66.
Godin, S.J., 2007. Species differences in the metabolism of pyrethroid
pesticides: potential implications for human health risk assessment.
Guardiola, F.A., Go´nzalez-Pa´rraga, P., Meseguer, J., Cuesta, A.,
Esteban, M.A., 2014. Modulatory effects of deltamethrin-exposure
on the immune status, metabolism and oxidative stress in gilthead
seabream (Sparus aurata L.). Fish Shellfish Immunol. 36, 120–129.
Gullick, D., Popovici, A., Bruckner, J.V., Cummings, B.S., Li, P.,
Bartlett, M.G., 2014. Determination of deltamethrin in rat plasma
and brain using gas chromatography-negative chemical ionization
mass spectrometry. J. Chromatogr. B 960, 158–165.
Hafeman, D.G., Sunde, R.A., Hoekstra, W.G., 1973. Effect of dietary
selenium on erythrocyte and liver glutathione peroxidase in the rat.
J. Nutr. 2, 580–587.
Haiyee, Z.A., Saim, N., Said, M., Illias, R.Md., Mustapha, W.A.W.,
Hassan, O., 2009. Characterization of cyclodextrin complexes with
turmeric oleoresin. Food Chem. 114, 459–465.
Haverinen, J., Vornanen, M., 2014. Effects of deltamethrin on
excitability and contractility of the rainbow trout (Oncorhynchus
mykiss) heart. Comp. Biochem. Physiol. Part C 159, 1–9.
Hossain, M.M., Suzukia, T., Sato, I., Tadashi, T., Suzukib, K.,
Kobayashi, H., 2005. Neuromechanical effects of pyrethroids,
allethrin, cyhalothrin and deltamethrin on the cholinergic processes
in rat brain. Life Sci. 77, 795–807.
Iqbal, M., Rezazadeh, H., Ansar, S., Athar, M., 1998. ᾳ-Tocopherol
(vitamin-E) ameliorates ferric nitrilotriacetate (Fe-NTA)-depen-
dent renal proliferative response and toxicity, diminution of
oxidative stress. Hum. Exp. Toxicol. 17, 163–171.
Ishrat, T., Hoda, M.N., Khan, M.B., Yousuf, S., Ahmad, M., Khan,
M.M., Ahmad, A., Islam, F., 2009. Amelioration of cognitive
deficits and neurodegeneration by curcumin in rat model of
sporadic dementia of Alzheimer’s type (SDAT). Eur. Neuropsy-
chopharmacol. 19, 636–647.
Ka¨hko¨nen, M.P., Hopia, A.I., Vuorela, H.J., Rauha, J.P., Pihlaja, K.,
Kujala, T.S., Heinonen, M., 1999. Antioxidant activity of plant
extracts containing phenolic compounds. J. Agric. Food Chem. 47,
3954–3962.
Kakkar, P., Das, B., Viswanathan, P.N., 1984. A modified spec-
trophotometric assay of superoxide dismutase (SOD). Indian J.
Biochem. Biophys. 21, 130–132.
Kaur, C., Kapoor, H.C., 2002. Anti-oxidant activity and total phenolic
content of some Asian vegetables. Int. J. Food Sci. Technol. 37,
153–161.
Kim, K.B., Bartlett, M.G., Ananda, S.S., Bruckner, J.V., Kima, H.J.,
2006. Rapid determination of the synthetic pyrethroid insecticide,
deltamethrin, in rat plasma and tissues by HPLC. J. Chromatogr. B
834, 141–148.
Reversal of deltamethrin-induced oxidative damage 67Kong, J., Yu, S., 2007. Fourier transform infrared spectroscopic
analysis of protein secondary structures acta biochem. Biophys.
Sin. 39 (8), 549–559.
Krishnakumar, N., Prabu, S.M., Sulfikkarali, N.K., 2012. Quercetin
protects against cadmium-induced biochemical and structural
changes in rat liver revealed by FT-IR spectroscopy. Biomed.
Prev. Nutr. 2, 179–185.
Lim, G.P., Chu, T., Yang, F., Beech, W., Frautschy, S.A., Cole, G.M.,
2001. The curry spice curcumin reduces oxidative damage and
amyloid pathology in an Alzheimer transgenic mouse. J. Neurosci.
21, 8370–8377.
Lowry, O.H., Rosebrough, N.J., Farr, A.L., Randall, R.J., 1951.
Protein measurement with Folin phenol reagent. J. Biol. Chem.
193, 265–270.
Lozowickaa, B., Kaczynski, P., Paritova, A.E., Kuzembekova, G.B.,
Abzhalieva, A.B., Sarsembayeva, N.B., Alihanc, K., 2014. Pesticide
residues in grain from Kazakhstan and potential health risks
associated with exposure to detected pesticides. Food Chem.
Toxicol. 64, 238–248.
Mangolim, C.S., Moriwaki, C., Nogueira, A.C., Sato, F., Baesso, M.
L., Neto, A.M., Matioli, G., 2014. Curcumin-b-cyclodextrin
inclusion complex, stability, solubility, characterisation by FT-IR,
FT-Raman, X-ray diffraction and photoacoustic spectroscopy and
food application. Food Chem. 153, 361–370.
Mani, V.M., Asha, S., Sadiqq, A.M.M., 2014. Pyrethroid deltame-
thrin-induced developmental neurodegenerative cerebral injury and
ameliorating effect of dietary glycoside naringin in male wistar rats.
Biomed. Aging Pathol. 4 (1), 1–8.
Martin, R.C.G., Aiyer, H.S., Malik, D., Li, Y., 2012. Effect on pro-
inflammatory and antioxidant genes and bioavailable distribution
of whole turmeric vs curcumin, similar root but different effects.
Food Chem. Toxicol. 50, 227–231.
Mazmanc, B., Mazmanci, M.A., Unyayar, A., Unyayar, S., Cekic, F.
O., Deger, A.G., Aalin, S., Comelekoglu, U., 2011. Protective effect
of funalia trogii crude extract on deltamethrin-induced oxidative
stress in rats. Food Chem. 125, 1037–1040.
Mendonc¸a, L.M., da Silva Machado, C., Correia Teixeira, C.C., Pedro
de Freitas, L.A., Pires Bianchi, M.D.L., Greggi, Antunes, L.M.,
2013. Curcumin reduces cisplatin-induced neurotoxicity in NGF-
differentiated PC12 cells. NeuroToxicology 34, 205–211.
Nabavi, S.M., Nabavi, S.F., Eslami, S., Moghaddam, A.H., 2012. In
vivo protective effects of quercetin against sodium fluoride-induced
oxidative stress in the hepatic tissue. Food Chem. 132,
931–935.
Naksuriya, O., Okonogi, S., Schiffelers, R.M., Hennink, W.E., 2010.
Curcumin nanoformulations, a review of pharmaceutical properties
and preclinical studies and clinical data related to cancer treatment.
Biomaterials 35, 3365–3383.
Nishikawa, H., Tsutsumi, J., Kitani, S., 2013. Anti-inflammatory and
antioxidative effect of curcumin in connective tissue type mast cell.
J. Funct. Foods 5, 763–772.
Olsvik, P.A., Ornsrud, R., Lunestad, B.T., Steine, N., Fredriksen, B.
N., 2014. Transcriptional responses in Atlantic salmon (Salmo
salar) exposed to deltamethrin, alone or in combination with
azamethiphos. Comp. Biochem. Physiol. C 162, 23–33.
Ong, W.-Y., Kim, J.-H., He, X., Chen, P., Farooqui, A.A., Jenner, A.
M., 2010. Changes in brain cholesterol metabolome after excito-
toxicity. Mol. Neurobiol. 41, 299–313.
Ozek, N.S., Sara, Y., Onur, R., Severcan, F., 2010. Low dose
simvastatin induces compositional, structural and dynamic changes
in rat skeletal extensor digitorum longus muscle tissue. Biosci. Rep.
30, 41–50.
Ozek, N.S., Bal, I.B., Sara, Y., Onur, R., Severcan, F., 2014. Structural
and functional characterization of simvastatin-induced myotoxicity
in different skeletal muscles. Biochim. Biophys. Acta 1840, 406–
415.
Prasad, S.N., Muralidhara, A., 2014. Muralidhara Neuroprotective
effect of geraniol and curcumin in an acrylamide model ofneurotoxicity in Drosophila melanogaster Relevance to neuropathy.
J. Insect Physiol. 60, 7–16.
Quitschke, W.W., Steinhauff, N., Rooney, J., 2013. The effect of
cyclodextrinsolubilized curcuminoids on amyloid plaques in
Alzheimer transgenic mice, brain uptake and metabolism after
intravenous and subcutaneous injection. Alzheimers Res. Ther. 5,
1–15.
Rajakrishnan, V., Viswanathan, P., Rajasekharan, K.N., Menon, V.
P., 1999. Neuroprotective role of curcumin from Curcuma longa on
ethanol induced brain damage. Phytother. Res. 13, 571–574.
Reddy, Ach.P., Lokesh, B.R., 1994. Effect of dietary turmeric
(Curcuma longa) on iron-induced lipid peroxidation in the rat
liver. Food Chem. Toxicol. 32 (3), 279–283.
Roszczenko, A., Rogalskaa, J., Moniuszko-Jakoniukb, J., Brzo´ska, M.
M., 2013. The effect of exposure to chlorfenvinphos on lipid
metabolism and apoptotic and necrotic cells death in the brain of
rats. Exp. Toxicol. Pathol. 65, 531–539.
Rother, H.A., 2014. Communicating pesticide neurotoxicity research
findings and risks to decision-makers and the public. NeuroTox-
icology 45, 327–337.
Salvi, M., Battaglia, V., Brunati, A.M., La Rocca, N., Tibaldi, E.,
Pietrangeli, P., Marcocci, L., Mondovı`, B., Rossi, C.A., Toninello,
A., 2007. Catalase takes part in rat liver mitochondria oxidative
stress defense. J. Biol. Chem. 282 (33), 24407–24415.
Samini, F., Samarghandian, S., Borji, A., Mohammadi, G., Bakaian,
M., 2013. Curcumin pretreatment attenuates brain lesion size and
improves neurological function following traumatic brain injury in
the rat. Pharmacol. Biochem. Behav. 110, 238–244.
Sebnem, G., Bozoglu, F., Severcan, F., 2007. Differentiation of
mesophilic and thermophilic bacteria with Fourier Transform
Infrared Spectroscopy. Appl. Spectrosc. 61, 186–192.
Sethi, P., Jyoti, A., Hussain, E., Sharma, D., 2009. Curcumin
attenuates aluminium-induced functional neurotoxicity in rats.
Pharmacol. Biochem. Behav. 93, 31–39.
Shafer, T.J., Meyer, D.A., Crofton, K.M., 2005. Developmental
neurotoxicity of pyrethroid insecticides: critical review and future
research needs. Environ. Health Perspect. 113 (1), 123–136.
Sharma, O.P., 1976. Antioxidant activity of curcumin and related
compounds. Biochem. Pharmacol. 25, 1811–1812.
Shivanoor, S.M., David, M., 2014. Protective role of turmeric against
deltamethrin induced renal oxidative damage in rats. Biomed Prev.
Nutr. 4 (4), 543–553.
Shivanoor, S.M., David, M., 2015. Fourier transform infrared (FT-IR)
study on cyanide induced biochemical and structural changes in rat
sperm. Toxicol. Rep. 2, 1347–1356.
Sirvent, P., Mercier, J., Lacampagne, A., 2008. New insights into
mechanisms of statin associated myotoxicity. Curr. Opin. Pharma-
col. 8, 333–338.
Sivakumar, S., Khatiwada, C.P., Sivasubramanian, J., Raja, B., 2014.
Protective effects of deferiprone and desferrioxamine in brain tissue
of aluminium intoxicated mice, an FTIR study. Biomed. Prev.
Nutr. 4, 53–61.
Surewicz, W.K., Mantsch, H.H., 1988. New insight into protein
secondary structure from resolution-enhanced infrared spectra.
Biochim. Biophys. Acta 952, 115–130.
Susi, H., Byler, D.M., 1986. Resolution-enhanced Fourier transform
infrared spectroscopy of enzymes. Methods Enzymol. 130, 290–
311.
Symington, S.B., Frisbie, R.K., Lu, K.D., Clark, J.M., 2007. Action of
cismethrin and deltamethrin on functional attributes of isolated
presynaptic nerve terminals from rat brain. Pestic. Biochem.
Physiol. 87 (2), 172–181.
Thapliyal, R., Deshpande, S.S., Maru, G.B., 2002. Mechanism(s) of
turmeric-mediated protective effects against benzo(a)pyrene-
derived DNA adducts. Cancer Lett. 175 (1), 79–88.
Thapliyal, R., Naresh, K.N., Rao, K.V.K., Maru, G.B., 2003.
Inhibition of nitrosodiethylamine-induced hepatocarcinogenesis
by dietary turmeric in rats. Toxicol. Lett. 139 (1), 45–54.
68 S.M. Shivanoor, M. DavidThatheyus, A.J., Selvam, A., 2013. Synthetic pyrethroids: toxicity and
biodegradation. Appl. Ecol. Environ. Sci. 1 (3), 33–36.
Toyran, N., Zorlu, F., Donmez, G., O¨g˘, K., Severcan, F., 2004.
Chronic hypoperfusion alters the content and structure of proteins
and lipids of rat brain homogenates, a Fourier transform infrared
spectroscopy study. Eur. Biophys. J. 33, 549–554.
Toyran, N., Zorlu, F., Severcan, F., 2005. Effect of stereo tactic radio
surgery on lipids and proteins of normal and hypo fused rat brain
homogenates, a Fourier transform infrared spectroscopy study. Int.
J. Radiat. Biol. 81, 911–918.
Wang, Y., Yin, H., Wang, L., Shuboy, A., Lou, J., Han, B., Zhang, X.,
Li, J., 2013. Curcumin as a potential treatment for Alzheimer’s
disease, a study of the effects of curcumin on hippocampal
expression of glial fibrillary acidic protein. Am. J. Chin. Med. 41,
59–70.
Wilcox, C.S., 2002. Reactive oxygen species: roles in blood pressure
and kidney function. Curr. Hypertens. Rep. 4, 160–166.
Xiaonan, L., Molly, A.H., Webb, Mariah, J.T., Joel, P.V.E., Serge, I.
D., Rasco, B.A., 2011. A study of biochemical parameters
associated with ovarian atresia and quality of caviar in farmedwhite sturgeon (Acipenser transmontanus) by Fourier Transform
Infrared (FT–IR) Spectroscopy. Aquaculture 315, 298–305.
Yang, F., Lim, G.P., Begum, A.N., Ubeda, O.J., Simmons, M.R.,
Ambegaokar, S.S., Chen, P.P., Kayed, R., Glabe, C.G., Frautschy,
S.A., Cole, G.M., 2005. Curcumin inhibits formation of amyloid b
oligomers and fibrils, binds plaques and reduces amyloid in vivo. J.
Biol. Chem. 280, 5892–5901.
Yang, Z., Zhaob, T., Zhanga, J.H., Feng, H., 2014. Curcumin inhibits
microglia inflammation and confers neuroprotection in intracere-
bral hemorrhage. Immunol. Lett. 160 (1), 89–95.
Yanyan, L., Zhang, T., 2014. Targeting cancer stem cells by curcumin
and clinical applications. Cancer Lett. 346, 197–205.
Further reading
Garip, S., Yapici, E., Ozek, N.S., Severcan, M., Severcan, F., 2010.
Evaluation and discrimination of simvastatin-induced structural
alterations in proteins of different rat tissues by FT–IR spec-
troscopy and neural network analysis. Analyst 135, 3233–3241.
